The effect of electronegativity (F and Cl atom) on structural, spectrophotometric, thermo-chemical properties, and solvent effect on electronic absorption spectra of {3-(3,5-dichloro-2-hydroxyphenyl)-5-[(4-fluorophenyl)amino] isoxazol-4-yl}(phenyl)methanone (Ia) and {3-(3,5-dichloro-2-hydroxyphenyl)-5-[(4-chlorophenyl)amino] isoxazol-4-yl}(phenyl) methanone (Ib) were studied by DFT method using PBE1PBE functional with 6-311++ g (d, p) basis set. The results show that the electronegativity of halogen group affect the bond length, atomic charges, excited wavelength, molecular orbital energy gap, vibration frequency, thermo-chemical parameters, and stability of compounds.
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Introduction
Isoxazole derivatives are five-member nitrogen-oxygen-containing heterocyclic compounds that play an important role in pharmacological activities such as anti-cancer (Monish & Chul-Hoon, 2003) , anti-tuberculosis (Mao et al., 2010; Subash et al., 2008) , anti-inflammatory (Kankala et al., 2013) , cytotoxic (Rao et al., 2014) , antimicrobial (Suhas, Chandrashekar, & Gowda, 2011 ), anti-HIV (BoLiang et al., 2009 , anti-diabetic (Shantharam, Suyoga Vardhan, Suhas, Sridhara, & Gowda, 2013) , antipsychotic (Aranda et al., 2008; Chen et al., 2013) , and anticonvulsant (Uno, Kurokawa, Masuda, & Nishimura, 1979) .
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PUBLIC INTEREST STATEMENT
The work presented here shows how computational methods used for understanding the molecular problem more clearly and that helps to design the drug with better action. In particular, the results presented here demonstrate that the DFT method is good tool for studying the stability of isoxazole by computational technique. This is a very useful tool for synthesizing a target molecule because a single compound may generate toxic waste, require months of labor, and raw materials cost. So before synthesizing the drug, firstly design the molecule, understand the molecular properties by computational method, and minimize the chemical pollution by synthesizing lots of unusable drug.
The density functional theory (DFT) is a common method to study the electronic structures that helps for understanding the drug activity of molecules. FT-IR, FT-Raman spectra, NBO, HOMO-LUMO, and thermodynamic properties of 4-chloro-3-nitro benzaldehyde (Karunakaran & Balachandran, 2012) , pycolinaldehyde oxime (Suvitha, Periandy, Boomadevi, & Govindarajan, 2014) was satisfactorily analyzed by DFT. The spectral properties of heterocyclic compounds such as the valence shell photoelectron spectra, geometry optimization, X-ray, vibrational frequency analysis of purine, pyrimidine (Potts et al., 2003) , heteroaromatic molecules (Suzuki & Suzuki, 2008) , and substituted isoxazole (Jin et al., 2016; Karabacak, Şahin, Çınar, Erol, & Kurt, 2008) were studied using DFT calculation.
Thermodynamic properties (enthalpy, entropy, and Gibbs free energy) are important to understand the stability of molecule at different temperature and pressure that can easily explained using DFT (B3LYP/6-31G*) with the Gaussian 03 program (Ping, Yang, Liu, & Wang, 2009; Yan, Zeng, Chen, & Wang, 2007) .
In this work, a theoretical study of {3-(3,5-dichloro-2-hydroxyphenyl)-5-[(4-fluoro phenyl)amino] isoxazol-4-yl}(phenyl)methanone (Ia) and {3-(3,5-dichloro-2-hydroxyphenyl)-5-[(4-chlorophenyl) amino]isoxazol-4-yl}(phenyl)methanone (Ib) has been performed using DFT method in order to elucidate the effect of electronegativity on structural, spectrophotometric, and thermo-chemical properties.
Computational details
All theoretical calculations performed with the Gaussian-03 package (Frisch et al., 2004) . Full groundstate geometry optimizations and frequency were carried out at the DFT (Becke, 1993; Hohenberg & Kohn, 1964; Kohn & Sham, 1965; Pople, Gill, & Johnson, 1992; Slater, 1974) using the PBE1PBE functional (Perdew, Burke, & Ernzerhof, 1996 , 1997 and the 6-311++g (d, p) basis set (Binning & Curtiss, 1990; Curtiss et al., 1995; Krishnan, Binkley, Seeger, & Pople, 1980; McGrath & Radom, 1991; McLean & Chandler, 1980) . Electronic absorption spectra were computed as vertical electronic excitations from the ground state using TD-DFT (Bauernschmitt & Ahlrichs, 1996; Casida, Jamorski, Casida, & Salahub, 1998; Stratmann, Scuseria, & Frisch, 1998 ) with PBE1PBE/6-311++g (d, p).
Results and discussion

Geometry optimization
The geometry optimization has started without symmetry constraints and after optimization; the structure converged to C 1 symmetrical species. The geometry was optimized in the lowest energy singlet ground state by DFT method with PBE1PBE function using 6-311++g (d, p) basis set in gas phase and the optimized structures of Ia and Ib shown in Figures 1 and 2 , respectively.
The geometry was non-planer because of strong distortion between electron cloud of three aromatic rings and isoxazole ring. The optimized geometric parameters of Ia and Ib are recorded in supplementary information Tables S1 and S2, respectively.
Bond lengths of isoxazole ring were not largely affected by electronegativity of fluorine and chlorine substituent but the bond lengths of 16O-17N, 14C-15C, and 15C-16O were slightly more in Ia than Ib. The 9O-10H bond length was important in formation of metal complexes but the difference between 9O-10H bond length in Ia and Ib was very less i.e. 0.00014 Ǻ (Table 1) .
Natural bond orbital charges
The natural bond orbital (NBO) atomic charges have calculated in gas phase (Table 1) . The atomic charge gives information about oxidation states of atoms in molecule, which gives important information for complex formation. The carbon atoms connected to the high electronegative (F, Cl, O, and N) atoms were positive in nature. The 9O will provide the binding site for metal ion in formation of metal complex; as 9O contained the highest negative charge and the 10H contained highest positive charge.
Electronic absorption spectra
The electronic absorption spectra has computed as the lowest 10 vertical electronic excitations from the singlet ground state to singlet excited state using TD-DFT and the effect of solvent was simulated by IEFPCM (Table 2) .
In both compounds, polarity of solvent affects wavelength and follows the same order, i.e. λ in DMSO > in water > in ethanol. Decrease in electronegativity increases the excited wavelengths in both phases because when electronegativity decreases the electron cloud slightly shifted toward HOMO and after that electron excited to LUMO by low energy.
Frontier molecular orbital
Highest occupied molecular orbital (HOMO) contains electrons and tends to donate these electrons such as an electron donor. On the other hand, lowest unoccupied molecular orbital (LUMO) contains free places and tends to accept electrons. The λ max of compound formed due to excitation of electron from HOMO to LUMO. HOMO and LUMO in different phases for Ia and Ib shown in Figures 3 and 4 , respectively. In gas phase, HOMO was form due to non-bonding (n) and pi-bonding electron density (switched on benzene ring containing hydroxyl group) but in solvent phase, HOMO was form due to non-bonding (n) and pi-bonding electron density (switched on benzene ring containing halogen group). In both phases, LUMO was formed due to π* bonding electron density (switched on isoxazole ring and benzene ring) and electron transition was mixed type (n to π* and π to π*).
The molecular orbital energy gap was very important to study the photo-physics and kinetic stability of isoxazole compounds. E (LUMO), E (HOMO), and molecular orbital energy gap of Ia and Ib were shown in Table 3 in different phases.
The molecular orbital energy gap decreased with a decrease in electronegativity of halogen group and the lowest molecular orbital energy gap (0.146 a.u.) was found in Ib gas phase. The molecular orbital energy gap was lower in gas phase than in solvent phase and no significance effect shown by solvent. 
In gas phase
In solvent
HOMO LUMO
A large HOMO-LUMO gap implies high kinetic stability and low chemical reactivity because it is energetically unfavorable to add electrons to a high-lying LUMO. Meanwhile, a molecule with a small frontier orbital gap is more polarizable, is generally associated with a high chemical reactivity, low kinetic stability, and is termed as soft molecule (Fleming, 1976) .
Vibration mode
The IR spectral data of Ia and Ib were recorded in Table 4 . The calculated IR frequencies were show the difference with reported (Silverstein, Bassler, & Morrill, 1981) value. The suggested reason is the computational data obtained when the Ia and Ib molecules in isolated state of vacuum condition and the reported values in solid phase. The phenolic O-H stretching frequency increased with decrease in electronegativity of halogen group, due to which more electronegative fluorine atom in Ia attracted the electron cloud on oxygen atom toward itself and phenolic O-H stretching was less from electron interaction.
Thermo-chemical study
The thermo-chemical parameters were calculated to their ideal gas state at 298.15 K and 101.325 kPa for Ia and Ib, respectively. The thermodynamic parameters including total electronic ) were obtained from the Gaussian frequency output files (Table 5 ). The equations used for computing thermo-chemical data in Gaussian programs have derived from statistical thermodynamics (Foresman & Frisch, 1996) . The thermal energy (E thermal ) calculated as the sum of zeropoint energy and thermal energy corrections for molecular translation (E trans ), rotation (E rot ), and vibration (E vib ). The enthalpy (H Θ ) was obtained by adding RT to the total electronic energy (E t ) and thermal energy at 298.15 K and 101.325 kPa.
With decrease in electronegativity of halogen group, the values of E t , H Θ , and G Θ decreased and the value of C Θ v and S Θ increased. It has known that the compounds with higher free energies are less stable than those with lower free energies. The Ib was more stable because it had low free energy i.e. −2559.7462 Hartree.
Conclusion
The DFT method reveals the useful information about the effect of solvent on electronic absorption spectra. There is less effect of electronegativity on structural, spectrophotometric, and thermo-chemical properties of fluorine-and chlorine-substituted isoxazoles. The chlorine (less electronegative)-substituted isoxazole (Ib) is soft molecule, more polarizable, high chemical reactivity, low kinetic stability, and high λ max than Ia.
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